Abstract-In this paper we introduce the classical EOQ model with a linear trend of time-dependent demand having no shortages using the concept of fractional calculus. The application of fractional calculus has been already used in classical EOQ model where the demand is assumed to be constant. In this present article fractional differential calculus can be used to describe EOQ model with time-dependent linear trend of demand to develop more generalized EOQ model. Here, we want to discuss more deeply its role as a tool for describing the traditional classical EOQ model with time dependent demand.
I. INTRODUCTION
Fractional calculus generalizes derivative and integration of a function to non-integer order. This generalization is a rather old problem, as demonstrated by a correspondence, which lasted several months in 1695, between Leibniz and L'Hopital. Many other famous scientists of the past studied and contributed to the development of fractional calculus in the field of pure mathematics [12] [13] [14] [15] [16] .In recent years the concept of fractional differential calculus has been applied to several fields of engineering, science and economics [5] , [6] , [10] . Some of the areas where Fractional Calculus has made an important role that are included viscoelasticity and rheology, electrical engineering, electrochemistry, biology, biophysics and bioengineering, electromagnetic theory, mechanics, fluid mechanics, signal and image processing theory, particle physics, control theory [5] and many other field [7] , [15] . Only recently, fractional calculus was applied to classical EOQ model to generalize this model in operation research. In a previous paper [4] , we have discussed how the fractional calculus can utilizes to develop the classical EOQ model to generalize EOQ model in operation research. In particular, we have seen fractional calculus has a potentiality to apply this concept in any other EOQ model. In this sense we represent the more generalize EOQ model using the broad concept of fractional calculus where demand may vary with time, say linearly instead of constant demand.
The classical EOQ (Economic Order Quantity) [1] , [3] , [17] , [19] , [22] model assumes that the demand rate is constant. However, in the real market, [9] the demand for any product cannot be constant. Researchers have paid much attention to inventory modelling with time dependent demand. Silver and Meal [21] developed a heuristic approach to determine EOQ in the general case of a deterministic time-varying demand pattern. Donaldson [8] discussed the classical no-shortage inventory policy for the case of a linear, time dependent demand. This treatment was fully analytical and much computational effort was needed in order to get the optimal solution. Silver [20] , using Silver-Meal heuristic obtained an appropriate solution procedure for the case of a positive linear trend in demand to reduce the computational effort needed in Donaldson [8] . Subsequent contributions in this type of modelling came from researchers such as Ritchie ( [17] , [18] ), Kicks and Donaldson [11] , and others.
Here we have applied the concept of derivative/integrals with an emphasis on Caputo and Riemann-Liouville fractional derivatives [2] , [13] and have some interesting results and ideas [23] that demonstrate the generalized EOQ based inventory model. Fractional derivatives and fractional integrals have interesting mathematical properties that may be utilized to develop our motivation. In this article, first we give a short description on general principles, definitions and several features of fractional derivatives/integrals and then we review some of our ideas and findings in exploring potential applications of fractional calculus in inventory control model.
In section II, we represent a basic conception on Fractional Calculus and short history, description related to Fractional Differential Calculus. In section III, we represent the basic concept of Classical EOQ model. In section IV, we introduce our main work which emphasizes on techniques and procedure for finding our optimum results. Finally, In section V, we present the conclusion of our work.
II. A SHORT DESCRIPTION ON FRACTIONAL DIFFERENTIAL CALCULUS
The origin of fractional calculus goes back to Newton and Leibniz in the seventieth century. S.F Lacroix was the first to mention in some two pages a derivative of arbitrary order in a 700 pages text book of 1819.
where n(m) is an integer. Replacing the factorial symbol by the well-known Gamma function, he obtained the formula for the fractional derivative,
Where ,  are fractional numbers. In particular he had,
Again the normal derivative of a function f is defined as,
and
Iterating this operation yields an expression for the nth derivative of a function. As can be easily seen and proved by induction for any natural number n,
The case of n=0 can be included as well. The fact that for any natural number n, the calculation of nth derivative is given by an explicit formula (2.5) or (2.7). Now the generalization of the factorial symbol (!) by the gamma function allows
This is also valid for non-integer values of n. Thus on using of the idea (2.8), fractional derivative leads as the limit of a sum given by 0 0
Provided the limit exists. Using the identity ) (
The result (2.9) becomes,
When α is an integer, the result (2.9)reduce to the derivative of integral order n as follows in (2.5).
Again in 1927 Marchaud formulated the fractional derivative of arbitrary order α in the form given by, This observation naturally leads to the idea of generalization of the notations of differentiation and integration by allowing m in (2.13) to be an arbitrary real or even complex number.
A. Fractional derivatives and integrals
The idea of fractional derivative or fractional integral can be described in another different ways. 
Replacing n by  ,where Re()>0 in the above formula (2.1.3),we obtain the Riemann-Liouville definition of fractional integral that was reported by Liouville in 1832 and by Riemann in 1876 as 
This is the Riemann-Liouville integral formula for an integer n. Replacing n by real  gives the RiemannLiouville fractional integral (2.1.3) with a=0.
In complex analysis the Cauchy integral formula for the nth derivative of an analytic function f(z) is given by
Where C is closed contour on which f(z) is analytic , and t=z is any point inside C and t=z is a pole.
If n is replaced by an arbitrary number  and n by
, then a derivative of arbitrary order  can be defined by,
where t=z is no longer a pole but a branch point. In (2.1.10) C is no longer appropriate contour, and it is necessary to make a branch cut along the real axis from the point z=x>0 to negative infinity.
Thus we can define a derivative of arbitrary  order by loop integral
and ln(t-z) is real when t-z>0. Using the classical method of contour integration along the branch cut contour D, it can be shown that One of the very useful results is formula for Laplace transform of the derivative of an integer order n of a function f(t) is given by L{ ) ( Like Laplace transform of integer order derivative, it is easy to shown that the Laplace transform of fractional order derivative is given by .We define the fractional derivative of order >0
Where n is an integer and the identity operator 'I' is defined by ) ( ) (
0.
Due to the lack of physical interpretation of initial data ck in (2.2.4), Caputo and Mainardi adopted as an alternative new definition of fractional derivative to solve initial value problems. This new definition was originally introduced by Caputo in the form
Where n-1 n    and n is an integer. It follows from (2.2.8) and (2.2.9) that
Unless f(t) and its first (n-1) derivatives vanish at t=0. Furthermore, it follows (2.2.9) and (2.2.10) that 
III. BASIC CONCEPT ON CLASSICAL EOQ MODEL
The order quantity means the quantity produced or procured in one production cycle or order cycle (the time period between placement of two successive orders (or production) is referred to as an order cycle (or production cycle). This is also termed re-order quantity when the size of order increases, the order costs (cost of purchasing , inspection, etc.) will decrease whereas the inventory carrying costs will increase .Thus in the production or purchasing case, there are two opposite costs, one encourages the increase in the order size and the other discourages. Economic order quantity (EOQ) is that size of order which minimizes total annual costs of carrying inventory and cost of ordering. With the initial condition q(0)=Q and with the boundary condition q(T)=0. With the same initial and boundary condition as described in the previous problem in equation (3.1) . i.e q(0)=Q and with q(T)=0. Equation (4.2) can be rewritten as 
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Here the EOQ model is, and Q*(T) .
Case2: For any  >0 and =1, Here, 
